A1c; HbA1c) is used to diagnose DM in non-pregnant individuals with a cut-off point of >6.5% considered diagnostic for DM [13] . While HbA1c can be used to estimate the risks of pregnancy complications [11, 14] , it is not particularly useful for monitoring glycemic control during pregnancy as it reflects glucose control from 2 to 3 months prior, nor is it recommended for GDM screening [15] . Furthermore, HbA1c levels increase in the third trimester of pregnancy as a result of iron deficiency [16, 17] .
Unlike HbA1c, glycated albumin (GA) reflects the mean blood glucose level in the prior 2-3 weeks, levels are not affected by albumin (Alb) concentration, and fasting is not necessary to perform the test [18] . While the use of HbA1c has extensively been studied in patients with DM [18] [19] [20] [21] , few studies have investigated its use in screening for GDM or monitoring patients with GDM [22] [23] [24] . A recent study specifically examining the value of GA in GDM reported that GA was less affected by insulin resistance and diastolic pressure than HbA1c, and the authors suggested that GA may be better than HbA1c for monitoring women with GDM [22] . A more comprehensive study from Japan Glycated Albumin (JGA) study group examined changes in GA and HbA1c in healthy pregnant women and reported that GA significantly decreased toward the third trimester, and was lower in women who were either obese or had proteinuria [24] .
As GA has a large potential to be clinically useful in patients with GDM, the purpose of this study was to evaluate the diagnostic performance of GA in women with GDM, and compare the performance to that of HbA1c and fasting plasma glucose (FPG) level. We also sought to compare levels of these three markers in patients with and without GDM.
Patients and methods
Pregnant women at their late second or early third trimester seen at the obstetrics department of our hospital during the period from October 2011 to April 2012 were prospectively recruitedfrom Shanghai 6th People's Hospital. Patients with pregnancy complications other than GDM were excluded from the study. An age-matched control group of healthy women who were not pregnant was also included. This study was approved by the Institutional Review Board of Shanghai 6th People's Hospital, and all patients provided written informed consent for participation in the study.
At the initial visit, FPG was measured to exclude prepregnancy DM. Other biochemical tests included Alb, alanine transaminase (ALT), aspartate aminotransferase (AST), creatinine (Cr), GA, hemoglobin (Hb), HbA1c, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), retinol conjugated protein 4 (RBP4), total bilirubin (TB), total bile acid (TBA), total cholesterol (TC), triglycerides (TG), total protein (TP), and uric acid (UA).
Glycated hemoglobin (HbA1c) was measured with an International Federation of Clinical Chemistry (IFCC) colorimetric method using a Sysmes XE-2100 device. The coefficient of variation of the assay was <3%. GA was measured with a chromatographic method using a BioradCobas-e 601 device (coefficient of variation <2%). All other tests were performed with a chemical spectrophotometric method using a Beckman AU5800 analyzer. Body weight was measured at different time points: at baseline and at 13-24, 24-28, and 32-36 weeks' gestation. Body mass index (BMI) was calculated as body weight in kilogram divided by height in meters squared (kg/m 2 ). GA and HbA1c were measured once on the same day as the OGTT. GDM was based on the definition of the American Diabetes Association (ADA) [12] . Briefly, pregnant women with an initial FPG ≥ 7.0 mmol/L, or HbA1c ≥ 6.5%, were diagnosed with the previous DM. FPG and HBA1c were measured in duplicate as suggested by the International Guidelines on diabetes diagnosis [7, 11, 13] .
A 50 g glucose challenge test (GCT) was performed at 24-28 weeks' gestation. If the plasma glucose 1 h after 50 g GCT was ≥7.8 mmol/L and ≤11.1 mmol/L, or if the plasma glucose one hour after 50 g GCT was ≥11.1 mmol/L, and FPG was <5.1 mmol/L, a 75 g OGTT will be ordered. If there is no indication of pre-existing DM, a 75 g OGTT is conducted at 24-28 weeks' gestational age of to screen for GDM. If the 75 g OGTT is normal, but there is suspicion of GDM; it may be repeated in the third trimester. Plasma glucose levels measured fasting and 1 and 2 h after glucose intake ≥5.1, ≥10.0, and ≥8.5 mmol/L, respectively, are diagnostic of GDM.
Patients were divided into two groups based on the presence or absence of GDM diagnosed based on ADA criteria, and the diagnostic values of FPG, GA, and HbA1c for diagnosing GDM were examined.
Statistical analysis
Normally distributed, continuous data were presented by mean ± standard deviation (SD), and differences between two groups were examined with the independent two samples t test. Non-normally distributed data were presented by median and inter-quartile range (IQR), and differences between two groups were examined with the Mann-Whitney test. Receiver-operating characteristic (ROC) curve analysis was performed to compare the diagnostic values of fasting plasma glucose (FPG), GA, and HbA1c. A higher area under the ROC curve (AUC) indicated a higher diagnostic value. Logistic regression analysis was performed to identify factors associated with GDM. Factors with significant associations in univariable logistic regression analyses were included in the multivariable logistic regression model according to the forward conditional method. All statistical analyses were performed with IBM SPSS statistical software version 22 (IBM Corp., Armonk, NY, USA). A two-sided p value <0.05 was considered statistically significant.
Results

Patient characteristics
From October 2011 to April 2012, 818 pregnant women were screened with an OGTT. Four had a history of DM, and 116 lacked data with respect to FPG, GA, HbA1c, or gestational weeks, and were, therefore, excluded from the analysis. Thus, 698 pregnant women were included in the study, and 232 (33.2%) were diagnosed with GDM. The control group consisted of 665 age-matched women who were not pregnant.
The characteristics of the patients with and without GDM are shown in Table 1 . Women with GDM were older than those without GDM (p < 0.001), and had a higher BMI (p = 0.003). Women with GDM also had significantly higher TG (p < 0.001), RBP4 (p = 0.004), Alb (p = 0.007), FPG (p < 0.001), GA (p = 0.001), and HbA1c (p < 0.001) ( Table 1) .
Compared with the control group, the patients without GDM had significantly lower age, BMI (p < 0.001), TB (p = 0.008), TBA (p < 0.001), Cr (p < 0.001), UA Table 1 Characteristics of patients with and without GDM and control group Normally distributed data are presented by mean ± standard deviation AG albumin/globulin ratio, Alb albumin, Alt alanine transaminase, AST aspartate aminotransferase, BMI body mass index, Cr creatinine, FPG fasting plasma glucose, GA glycated albumin, GDM gestational diabetes mellitus, Hb hemoglobin, HbA1c glycated hemoglobin, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, RBP4 retinol conjugated protein 4, TB total bilirubin, TBA total bile acid, TC total cholesterol, TG triglycerides, TP total protein, UA uric acid -indicates not available *p < 0.05, Indicates statistically significant difference between with and without GDM † p < 0.05, Indicates statistically significant difference between control and without GDM ‡ p < 0.05, Indicates statistically significant difference between control and with GDM Table 1) . Weight gain of women with and without GDM at different points in pregnancy is summarized in Supplemental Table 1 . The mean weight and BMI were significantly higher in subjects with GDM compared with those without GDM before gestational week 38 to labor. There were no significant differences between subjects with or without GDM in weight gain from their pre-pregnancy weight.
Diagnostic value of FPG, GA, and HbA1c
FPG had the highest AUC for the detection of GDM, and was significantly higher than the AUCs of GA (0.692 vs. 0.568, p < 0.001) and HbA1c (0.692 vs. 0.619, p = 0.014) (Fig. 1) . There was no difference in the AUCs of GA and HbA1c. These results indicate that the diagnostic value of FPG is greater than that of GA and HbA1c.
Factors influencing GDM
Univariable logistic regression analyses showed that women were more likely to have GDM if they were older, had a greater BMI, and had higher TG, RBP4, ALB, FPG, GA, and HbA1c levels ( Table 2 ). The associations of BMI, TG, and RBP4, however, did not remain statistically significant in multivariable analysis and were thus excluded from the final multivariable model. The final multivariable model showed that older age and higher levels of Alb, FPG, GA, and HbA1c were significantly associated with GDM. The odds of having GDM were increased with every 1 year increase in age [odds ratio (OR) = 1.09, p < 0.001], with every 1 unit increase of Alb (OR = 1.08, p = 0.023), with every 0.1 unit increase of FPG (OR = 1.22, p < 0.001), with every 0.1 unit increase of HbA1c (OR = 1.09, p = 0.001), and with every 1 unit increase of GA (OR = 1.22, p = 0.021) ( Table 2) .
Influence of gestational weeks
When the data were further stratified by gestational weeks, there were no significant differences in FPG, GA, and HbA1c between patients with and without GDM who were ≤24 weeks' gestation. In patients 24-28 weeks' gestation, those with GDM had significantly higher FPG and HbA1c levels; in patients 28-32 weeks' gestation, those with GDM had significantly higher GA, FPG, and HbA1c levels; in patients >32 weeks' gestation, those with GDM had a significantly higher GA level (Fig. 2) . Diagnostic values of FPG, GA, and HbA1c stratified by gestational weeks are shown in Fig. 3 . For pregnancies ≤24 weeks' gestation (n = 23, Fig. 3a) , the AUCs of FPG, GA, and HbA1c were not significantly higher than 0.5 (the 95% CIs contain 0.5), and were not different from each other. For pregnancies 24 to 28 weeks' gestation (n = 424, Fig. 3b ), the AUCs of FPG, GA, and HbA1c were significantly higher than 0.5, and the AUC of FPG was significantly higher than that of GA (0.726 vs. 0.542, p < 0.001) and HbA1c (0.726 vs. 0.606, p = 0.001). For pregnancies 28 to 32 weeks' gestation (n = 226, Fig. 3c ), the AUCs of FPG, GA, and HbA1c were significantly higher than 0.5. Although HbA1c had the highest AUC for detecting GDM, the differences in the AUCs of HbA1c, GA, and FPG did not obtain statistically significant. For pregnancies >32 weeks' gestation (n = 25, Fig. 3d ), only the AUC of GA obtained statistically significance (significantly higher than 0.5). The differences Fig. 1 Diagnostic values of fasting plasma glucose (FPG), glycated albumin (GA), and glycated hemoglobin (HbA1c). *The area under the receiver-operating characteristic curve (AUC) of FPG was significantly greater than that of GA and HbA1c. CI confidence interval in the AUCs of HbA1c, GA, and FPG, however, were not statistically significant.
Discussion
The results of this study showed that FPG has a higher diagnostic value than GA and HbA1c for the detection of GDM at 24-28 weeks' gestation, and at gestational ages less than or greater than this range, the diagnostic value of FPG, GA, and HbA1c is similar. The final multivariable model showed that older age and higher levels of Alb, FPG, GA, and HbA1c were significantly associated with GDM. In addition, the results also show the baseline characteristics of age-matched control healthy women. This study can be further applied to the group of pregnant women with GDM or without GDM.
GA and HbA1c are the end-products of non-enzymatic glycosylation of the carboxyl groups of Alb and Hb, respectively [18, 19] . GA is believe to reflect more recent fluctuations of blood glucose than HbA1c, as the half-life of albumin is much shorter than that of hemoglobin [18, 19] . The diagnostic value of GA in non-pregnant individuals with DM has been confirmed by several studies [18] [19] [20] , and correlations between GA and HbA1c have been determined [21] . Few studies, however, have been conducted to investigate the value of GA in patients with GDM, and the GA reference range in normal pregnant women has not been determined in all populations.
Pan et al. [22] studied women with GDM at 24-32 weeks' gestation and reported that compared with HbA1c GA was more closely correlated with fasting and postprandial glucose levels regardless of insulin secretion and blood pressure. Hiramatsu et al. [24] determined reference intervals for GA and HbA1c in 574 pregnant Table 2 Regression analysis of factors associated with GDM AG albumin/globulin ratio, Alb albumin, Alt alanine transaminase, AST aspartate aminotransferase, BMI body mass index, CI confidence interval, Cr creatinine, FPG fasting plasma glucose, GA glycated albumin, GDM gestational diabetes mellitus, Hb hemoglobin, HbA1c glycated hemoglobin, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, OR odds ratio, RBP4 retinol conjugated protein 4, TB total bilirubin, TBA total bile acid, TC total cholesterol, TG triglycerides, TP total protein, UA uric acid, BMI body mass index, GDM gestational diabetes mellitus *p < 0.05, indicates a significant association with GDM Data are presented by median (dashes in the boxes), inter-quartile range (boxes), and full range (whiskers). *Indicates a significant difference between patients with and without GDM Japanese women. The authors reported that HbA1c levels were significantly decreased in the second trimester of pregnancy and increased in the third trimester, GA levels significantly decreased towards the third trimester, and plasma glucose levels decreased in the first trimester and subsequently remained constant. The reference intervals of GA and HbA1c were 11.5-15.7 and 4.5-5.7%, respectively. GA levels were lower (p < 0.01) and HbA1c levels were higher (p < 0.05) in pregnant women with proteinuria, and in obese women, GA levels were lower (p < 0.01) than those of the control subjects (18.5 ≤ BMI < 25 kg/m 2 ), and HbA1c levels were higher (p < 0.01). The results of the current study do not support these prior studies suggesting that GA may be a good index of GDM. One of the reasons may be a lack of control of variables that directly affect GA values during pregnancy, especially body weight. Stratification of patients into lean, normal, and obese groups based on body weight may demonstrate superiority of GA over HbA1c for the diagnosis of GDM. It is possible that GA may be less affected by factors, such as insulin resistance, and physiological fluctuations diastolic blood pressure during pregnancy, than HbA1c.
Even minor elevations of glucose in pregnancy are associated with worse fetal and maternal outcomes. Seabra et al. [25] performed a cross-sectional study of 829 healthy pregnant women and found that second and third trimester FPG levels below the cut-off values for a diagnosis of GDM were associated with an increased risk of pregnancy complications. In the current study, FPG provided a better diagnostic value than GA or HbA1c only at 24-28 weeks' gestation. This result is consistent with a study by Trujillo et al. [26] who performed a multicenter cohort study of 4,926 pregnant women 20 years or older who received a single 2 h 75 g OGTT at 24-28 weeks gestation. A FPG cut-off value of 80 mg/dL indicated that only 38.7% of all women needed to undergo a complete OGTT, while detecting 96.9% of all GDM cases. When a cutoff of 85 mg/dL was used, the corresponding percentages were 18.7 and 92.5%, respectively. The authors concluded that using a FPG cutoff to diagnose GDM and to determine the need for and post-load OGTT measurements is a valid strategy to diagnose GDM. Trujillo et al. did not examine FPG levels at other time points in pregnancy, but based on the results of their study and ours, it appears that measurement of FPG is only useful when determined at 24-28 weeks' gestation.
However, according to the current treatment guidelines for GDM, after excluding pre-pregnancy diabetes, GDM is diagnosed at 24 weeks or later. In the Trujillo study though, the OGTT was performed at 20 to 28 weeks' gestation, and the data were collected from 1991 to 1995 which was before the current guidelines were published. In contrast, the current study was based on the most recent treatment guidelines.
Strengths and limitations
There are a number of strengths as well as limitations of the current study. The sample size was relatively large, and the design effectively evaluated the value of GA, glycated hemoglobin, and FPG in the diagnosis of GDM. Moreover, we presented a normal reference of GA pregnant women without GDM corresponding to pregnancy trimester. With respect to limitations, the study was performed at a single institution and limited to a single ethnicity, and thus the results may not be generalizable to other populations. A non-pregnant control group was not included to determine the influences of pregnancy alone on GA; i.e., the design failed to exclude the possibility that pregnancy itself may cause an increase in GA. The design also did not allow comparison of GA, FPG, and glycated hemoglobin values in pregnant women without GDM in the first, second, and third trimesters of pregnancy. We did not evaluate the changed in GA from diagnosis of GDM to the period of glucose control to delivery. If this was done, we could evaluate the role of GA in blood glucose control in pregnant women with GDM. Metabolic factors, such as pre-pregnancy BMI and weight gain, during pregnancy were not examined as pre-pregnancy data were not available [27] . Finally, pregnancy outcomes were not available in several women, and GA was not measured in the third trimester of pregnancy. Thus, we could not evaluate the value of GA in the prediction of poor pregnancy outcomes women with and without GDM.
In conclusion, the results of this study do not support the use of GA as a screening tool for GDM. Further studies are necessary to determine the value of testing GA in pregnant women, and what factors may affect the results of testing.
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